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SPECIFICATION 

TITLE OF THE INVENTION 

Optical semiconductor device _ 

5 

TECHNICAL FIELD 

The present invention relates to an optical semiconductor device 
including an optical semiconductor element that outputs an optical 
signal modulated based on an electric signal. 

10 

BACKGROUND ART 

Fig. 18 is a circuit diagram which illustrates one example of a 
conventional single-phase feed type optical semiconductor device. 
Circuits similar to such a circuit are disclosed by, for example, 
15 Japanese Patent Application Laid-Open Publication Nos. 9-200150 and 
8-172401. 

In the optical semiconductor device shown in Fig. 18, an LD 
driving circuit 200 that drives a semiconductor laser diode element 310 
(hereinafter, "LD") is connected to an LD module 300. A light emission 

20 output of the LD 310 is output from an optical fiber 316. Differential 
transistors 202 and 203, which constitute a differential amplifier are 
driven by a constant current by a transistor 204, are applied with 
complementary data input signals (a positive phase signal and an 
antiphase signal), respectively, and output a positive-phase signal. A 

25 collector of the differential transistor 202 is grounded. A collector of 
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the differential transistor 203 is connected to one end of a damping 
resistor 309, and the other end of the damping resistor 309 is 
connected to one electrode (cathode) of the LD 310. The cathode of 
the LD 310 is connected to one end of an inductance element 311 
5 having a high impedance with respect to a high frequency, such as a 
chip inductance. The other end of the inductance element 311 is 
connected to a constant current source 314 that supplies a bias current 
to the LD 310. The inductance element 311 constitutes a bias circuit 
for the LD module 300. 

10 Fig. 19 illustrates one example of an eye pattern of electric 

signal waveforms output from a circuit such as the LD driving circuit 
200 shown in Fig. 18. The LD driving circuit illustrated in this example 
employs a silicon-germanium semiconductor so as to reduce power 
consumption of the circuit. 

15 If this LD driving circuit is driven by a negative voltage as shown 

in Fig. 18, a first transition of an electric signal pulse corresponding to a 
first transition of an optical signal pulse is a segment of the eye pattern 
directed downward whereas a second transition thereof is a segment of 
the eye pattern directed upward. As shown in Fig. 19, a fall time Tf is 

20 longer than a rise time Tr by about 40 percents. 

Fig. 20 illustrates one example of an eye pattern of optical 
signal waveforms (optical output waveforms) output from the LD module 
shown in Fig. 18 using the LD driving circuit that outputs electric signals 
having signal waveforms as shown in Fig. 19. This example illustrates 

25 that optical signal waveforms in various patterns are photoelectrical^ 
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converted to electric signals and that the electric signals are overlaid 
through a band filter. In Fig. 20, an upper part is a mark side (light 
emission) and the horizontal axis indicates time. Fig. 20 also 
illustrates eye mask regions (regions which are an index to 
5 determination as to whether a signal is deteriorated and in which the 
eye pattern should not enter). 

Eye mask prescription indicated by the eye mask regions are an 
index to the performance of the signal waveform. As a gap (an eye 
mask margin) between the signal waveform (eye pattern) and the eye 

10 mask region is wider, better reception sensitivity characteristics can be 
attained when an optical receiver receives a signal. In other words, 
even if an optical signal is lower in power, error occurs less frequently 
and good transmission characteristics can be ensured. 

That is, in order to obtain a signal at a low error rate when the 

15 .optical signal output from the optical semiconductor device is received 
and converted to an electric signal and the electric signal is reproduced, 
it is necessary to prevent the eye pattern from entering the eye mask 
regions. 

Nevertheless, if a modulated signal at 10 Gb/s or more is to be 
20 transmitted, the optical output waveform of the LD module is 

conspicuously deteriorated as shown in Fig. 20. As can be seen from 
the waveform shown in Fig. 20, there is an enough margin to the eye 
mask prescription near an upper left part of a central portion of the eye 
pattern (a rising part indicated by W1 in Fig. 20). However, the eye 
25 mask margin is quite small near an upper right part of the central 
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portion (a rising part indicated by W2 in Fig. 20), with the result there is 
no margin at all to the eye mask prescription. Therefore, a problem 
occurs that if, for example, a surrounding temperature rises, a 
relaxation oscillation frequency of the optical semiconductor falls and 
5 the signal waveform cannot satisfy the upper right part of the central 
portion of the eye mask. 

As can be seen, in the conventional optical semiconductor 
shown in Fig. 18, the margin to the eye mask prescription falls as 
shown in Fig. 20. 

10 A cause for this fall of the eye margin is as follows. If the 

optical semiconductor device is a pulse intensity modulation type 
optical semiconductor device that modulates a light in a wide band from 
a low frequency band to a high frequency band, the fall time of the 
electric signal pulse is late as explained above and the eye mask 

15 margin that is a margin of the eye pattern falls due to asymmetry of the 
electric signal input to the LD module 300. As a result, the 
transmission characteristics of the optical signal to be output are 
deteriorated. 

Fig. 21 is a frequency response graph if a signal transmission 
20 line P between the LD driving circuit 200 and the LD module 300 shown 
in Fig. 18 includes a distributed constant circuit such as a micro-strip 
line and if the LD module 300 is viewed from this distributed constant 
circuit. Fig. 21 demonstrates that a cutoff frequency (a frequency 3 
decibels lower from a peak) is about 8.8 gigahertz and that there is a 
25 sharp decline of the response characteristics at a frequency near 10 
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gigahertz. Reasons for the presence of this sharp decline are as 
follows. 

In a high frequency region such as a region at the frequency 
near 10 gigahertz, both ends of inductance elements 311 shown in the 
5 example of Fig. 14 are fixed to a ceramic substrate and a plurality of 
pad sections each including a conductor are provided to arrange wirings 
by wire bonds. Since each pad section functions as a capacitance, a 
resonance is generated by these capacitances, a plurality of wires by 
the wire bonding that connect the LD 310 to pads provided between the 
10 inductance element 311 and the matching resistor 309, and a reactance 
component of the inductance element 311 that constitutes the bias 
circuit. This results in quite sharp damping characteristics. 

As can be seen, the conventional optical semiconductor device 
has problems that output characteristics of the optical signal is 
1 5 influenced by poor fall characteristics of the LD driving circuit and the 
transmission characteristics of the optical signal is thereby deteriorated. 

Further, the conventional optical semiconductor device has a 
problem that passing characteristics of the LD module suddenly 
attenuates at the frequency near 10 gigahertz. The sharp decline of 
20 the characteristics near 10 gigahertz particularly causes the great 
deterioration of the optical output waveform of the optical 
semiconductor device. It is significant to solve this problem. 

It is, therefore, an object of the present invention to provide an 
optical semiconductor device which improves the deterioration of an 
25 optical output waveform due to the asymmetry between a rise time and 
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a fall time of the output waveform of an LD driving circuit and the 
deterioration of the optical output waveform such as the deterioration 
following a sharp decline of passing characteristics of an optical 
semiconductor module, and which improves the quality of the optical 
5 output waveform. 

DISCLOSURE OF THE INVENTION 

An optical semiconductor device according to the present 
invention includes an optical semiconductor element; a first conductor 

10 line connected to one electrode of a pair of electrodes of the optical 
semiconductor device, and supplying an electric signal to the optical 
semiconductor element; a second conductor line connected to the other 
electrode of the pair of electrodes of the optical semiconductor element, 
and supplying an electric signal to the optical semiconductor element; a 

15 first inductance element connected to the one electrode of the optical 
semiconductor element and the first conductor line; and a second 
inductance element connected to the other electrode of the optical 
semiconductor element and the second conductor line, wherein the first 
and the second conductor lines constitute a pair of differential lines. 

20 According to the present invention, the first conductor line and 

the second conductor line can constitute a pair of differential lines, the 
first conductor line connected to one electrode of a pair of electrodes 
which the optical semiconductor device includes can supply an electric 
signal to the optical semiconductor element, the second conductor line 

25 connected to the other electrode of the pair of electrode which the 
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optical semiconductor element includes can supply an electric signal to 
the optical semiconductor element, the first inductance element 
connected to the one electrode of the optical semiconductor element 
and the first conductor line can cut off the electric signal at a high 
5 frequency, and the second inductance element connected to the other 
electrode of the optical semiconductor element and the second 
conductor line can cut off the electric signal at a high frequency. 

An optical semiconductor device according to next invention 
includes an optical semiconductor element; a first differential input 

10 terminal supplying an electric signal to one of a pair of electrodes of the 
optical semiconductor element; a second differential input terminal 
supplying an electric signal opposite in phase to the electric signal 
supplied by the first differential input terminal, to the other electrode of 
the pair of electrodes of the optical semiconductor element; a first 

15 inductance element connected to the one electrode of the optical 

semiconductor element and the first conductor line, and cutting off the 
electric signal at a high frequency; and a second inductance element 
connected to the other electrode of the optical semiconductor element 
and the second conductor line, and cutting off the electric signal at a 

20 high frequency. 

According to the present invention, the first differential input 
terminal connected to one of the pair of electrodes which the optical 
semiconductor includes can supply an electric signal to the optical 
semiconductor element, the second differential input terminal connected 

25 to the other electrode of the pair of electrodes which the optical 



semiconductor includes can supply an electric signal to the optical 
semiconductor element, the first inductance element connected to the 
one electrode of the optical semiconductor element can cut off the 
electric signal at a high frequency, and the second inductance element 
5 connected to the other electrode of the optical semiconductor element 
can cut off the electric signal at the high frequency. 

An optical semiconductor device according to next invention 
includes an optical semiconductor element; a pair of differential 
amplifiers each having one terminal and the other terminal connected to 

10 one electrode and the other electrode of a pair of electrodes of the 
optical semiconductor element, respectively, and each supplying an 
electric signal to the optical semiconductor element; a first inductance 
element connected to the one electrode of the optical semiconductor 
element, and cutting off the electric signal at a high frequency; and a 

15 second inductance element connected to the other electrode of the 
optical semiconductor element, and cutting off the electric signal at a 
high frequency. 

According to the present invention, a pair of differential 
amplifiers each having one terminal and the other terminal connected to 

20 one electrode and the other electrode of a pair of electrodes which the 
optical semiconductor element includes, respectively, can supply 
electric signals to the optical semiconductor element, the first 
inductance element connected to the one electrode of the optical 
semiconductor element can cut off the electric signal at a high 

25 frequency, and the second inductance element connected to the other 



electrode of the optical semiconductor element can cut off the electric 

signal at the high frequency. 

An optical semiconductor device according to next invention 

further includes, in addition to the above invention, a pair of matching 
5 resistors connected to the one electrode and the other electrode of the 

optical semiconductor element, respectively, and introducing the electric 

signals to the optical semiconductor element. 

According to the present invention, a pair of resistors connected 

to the one electrode and the other electrode of the optical 
10 semiconductor element, respectively, can make impedance matching at 

the high frequency and efficiently introduce the electric signals to the 

optical semiconductor element. 

An optical semiconductor device according to next invention 

includes, in addition to the above invention, a first bias circuit including 
15 the first inductance element and a first resistor connected in parallel to 

the first inductance element; and a second bias circuit including the 

second inductance element and a second resistor connected in parallel 

to the second inductance element. 

According to the present invention, the first bias circuit including 
20 the first inductance element and the first resistor connected in parallel 

to the first inductance element and the second bias circuit including the 

second inductance element and the second resistor connected in 

parallel to the second inductance element can prevent a resonance 

caused by reactance components of the inductance elements, 
25 inductances of wire bonds, capacities of pads, and parasitic 
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capacitances of the inductance elements, and cut off electric signals at 
high frequencies in wide frequency bands. 

An optical semiconductor device according to next invention 
includes, in addition to the above invention, a filter that cuts off 
5 frequencies higher than at least a maximum repetition frequency of a 
digital signal, the filter provided between the first and the second 
conductor lines and the pair of matching resistors. 

According to the present invention, the filter provided between 
the first and the second conductor lines and the pair of matching 

10 resistors can cut off frequencies higher than at least the maximum 
repetition frequency of the digital signal, and remove a ringing of 
electric input waveforms in unnecessary frequency bands. 

In an optical semiconductor device according to next invention, 
the filter includes a first conductor finger section and a second 

15 conductor finger section in which a plurality of conductors crossing the 
first and the second conductor lines are formed, respectively, to have a 
comb shape, the first conductor finger section and the second 
conductor finger sections being alternately arranged. 

According to the present invention, the filter which includes the 

20 first conductor finger section and the second conductor finger section in 
which a plurality of conductors crossing the first and the second 
conductor lines are formed, respectively, to have a comb shape, and in 
which filter the first conductor finger section and the second conductor 
finger sections are alternately arranged, can cut off frequencies higher 

25 than at least the maximum repetition frequency of the digital signal and 
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remove the ringing of electric input waveforms in unnecessary 
frequency bands. 

An optical semiconductor device according to next invention 
includes, in addition to the above invention, a package containing 
5 therein the first and the second conductor lines; a lens that condenses 
a light emitted from the optical semiconductor element; and an optical 
fiber holding member that holds an optical fiber. 

According to the present invention, a semiconductor optical 
modulation device including the package containing therein the first and 
10 the second conductor lines, the lens that condenses the light emitted 
from the optical semiconductor element, and the optical fiber holding 
member that holds the optical fiber can be constituted. 

In an optical semiconductor device according to next invention, 
the first and the second inductance elements are air-cored coils. 
15 According to the present invention, the first and the second 

air-cored coils enable making the bias circuits for cutting off high 
frequency electric signals in wide frequency bands small in size. 

In an optical semiconductor device according to next invention, 
the optical semiconductor element is a semiconductor laser diode. 
20 According to the present invention, the semiconductor optical 

modulation device that reduces the deterioration of the optical output 
waveforms of the semiconductor laser diode can be constituted. 

The first and the second inductance elements may supply bias 
currents. 

25 An optical semiconductor device according to next invention 



12 

includes an optical semiconductor element; first and second conductor 
lines connected to a pair of electrodes of the optical semiconductor 
element, and supplying differential signals to the optical semiconductor 
element, respectively; a first terminal electrically connected to the first 
5 conductor line and one electrode of the pair of electrodes of the optical 
semiconductor element; and a second terminal electrically connected to 
the second conductor line and the other electrode of the optical 
semiconductor element, wherein the first and the second terminals are 
connected to bias circuits that cut off high frequencies, respectively. 

10 According to the present invention, the first and the second 

conductor lines connected to a pair of electrodes of the optical 
semiconductor element supply differential signals to the optical 
semiconductor element, respectively, and the first terminal electrically 
connected to the first conductor line and one electrode of the pair of 

15 electrodes of the optical semiconductor element and the second 

terminal electrically connected to the second conductor line and the 
other electrode of the optical semiconductor element are connected to 
the bias circuits that cut off high frequencies, respectively. It is 
thereby possible to prevent the resonance caused by the reactance 

20 components of the inductance elements, the inductances of the wire 
bonds, and the capacities of the pads, and cut off high frequency 
electric signals in wide frequency bands. 

An optical semiconductor device according to next invention 
includes an optical semiconductor element; a first conductor line having 

25 one end connected to one of a pair of electrodes of the optical 
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semiconductor element, and supplying an electric signal to the optical 
semiconductor element; a second conductor line having one end 
connected to the other electrode of the pair of electrodes of the optical 
semiconductor element, and supplying an electric signal to the optical 
5 semiconductor element; a first inductance element connected to the one 
electrode of the optical semiconductor element and the first conductor 
line; and a second inductance element connected to the other electrode 
of the optical semiconductor element and the second conductor line, 
wherein the optical semiconductor element is driven by a push-pull 

10 operation. 

According to the present invention, the first conductor line 
connected to one of a pair of electrodes of the optical semiconductor 
element driven by the push-pull operation can supply an electric signal 
to the optical semiconductor element, the second conductor line 

15 connected to the other electrode of the pair of electrodes of the optical 
semiconductor element can supply an electric signal to the optical 
semiconductor element, the first inductance element connected to one 
end of the optical semiconductor element can cut off high frequency 
electric signals, and the second inductance element connected to the 

20 other end of the optica! semiconductor element can cut off high 
frequency electric signals. 

In an optical semiconductor device according to next invention, 
impedances of at least two bias circuits are set asymmetric. 

According to the present invention, at least two bias circuits 

25 having asymmetric impedances can constitute the semiconductor 
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optical modulation device which improves a waviness of frequency 
response characteristics. 

BRIEF DESCRIPTION OF THE DRAWINGS 
5 Fig. 1 is a circuit block diagram which illustrates one example of 

an optical semiconductor device according to the first embodiment; Fig. 
2(a) is an explanatory view which typically illustrate rise characteristics 
and fall characteristics of a pair of differential transistors in an LD 
driving circuit; Fig. 2(b) is an explanatory view which illustrates a 

10 principle that the rise characteristics and the fall characteristics of the 
pair of differential transistors are averaged; Fig. 3 illustrates that optical 
signal waveforms in various patterns are photoelectrical^ converted to 
electric signals, the electric signals are passed through a band filter, 
and that the electric signals are overlaid; Fig. 4(a) is a graph which 

15 illustrates frequency response characteristics when the LD module 

shown in Fig. 1 is viewed from a distributed constant circuit; Fig. 4(b) is 
a graph which illustrates frequency response characteristics when 
respective bias circuits are set to have different impedances; Fig. 5 is a 
circuit block diagram which illustrates one example of the optical 

20 semiconductor device according to the second embodiment; Fig. 6(a) is 
a top view of a filter; Fig. 6(b) is an illustration of this filter viewed from 
an arrow P direction; Fig. 7 is a graph which compares frequency 
characteristics before and after the filter is inserted; Fig. 8 is an 
equivalent circuit diagram which simulates a high frequency operation 

25 of the optical semiconductor device shown in Fig. 5; Fig. 9(a) is a 
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simplified equivalent circuit diagram which simulates a high frequency 
operation of a conventional semiconductor device shown in Fig. 18; Fig. 
9(b) is a graph which illustrates a simulation result of the frequency 
response characteristics of this equivalent circuit; Fig. 10(a) is a 
5 simplified equivalent circuit diagram which simulates the high frequency 
operation of the optical semiconductor device (differential lines) 
according to the present invention shown in Fig. 1; Fig. 10(b) is a graph 
which illustrates a simulation result of the frequency response 
characteristics of this equivalent circuit; Fig. 11(a) is a circuit block 

10 diagram which illustrates the configuration of a bias circuit in the 
equivalent circuit shown in Fig. 10(a) in detail; Fig. 11(b) is a graph 
which illustrates the simulation result of the frequency response 
characteristics based on circuit conditions shown in Fig. 11(a); Fig. 
11(c) is a circuit block diagram which illustrates the configuration of the 

15 bias circuit in the equivalent circuit shown in Fig. 9(a) in detail; Fig. 

11(d) is a graph which illustrates the simulation result of the frequency 
response characteristics based on the circuit conditions; Fig. 12(a) is a 
circuit block diagram which illustrates an identical equivalent circuit to 
that shown in Fig. 11(a); Fig. 12(b) is a graph which illustrates the 

20 simulation result based on circuit conditions shown in Fig. 12(a); Fjg. 
12(c) is a graph which illustrates the simulation result of frequency 
response characteristics in the equivalent circuit shown in Fig. 11 (a) 
when an inductance L4 of a wire bond 23a (or 23b) is changed from 3 
nanohenries to 1 nanohenry; Fig. 13(a) illustrates an identical 

25 equivalent circuit to that shown in Fig. 11(a); Fig. 13(b) is a graph which 
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illustrates a simulation result based on circuit conditions shown in Fig. 
13(a); Fig. 13(c) is a graph which illustrates the simulation result of the 
frequency response characteristics when an inductance L1 of an 
inductance element is changed in the equivalent circuit shown in Fig. 
5 11(a); Fig. 14 illustrates the outside configuration of the LD module 
which includes a can package and a receptacle; Fig. 15(a) is a 
horizontal sectional view (a view of a surface parallel to x shown in Fig. 
14) of the LD module; Fig. 15(b) is a vertical sectional view (a view of a 
surface parallel to y shown in Fig. 14) of the LD module; Fig. 16 is a 

10 perspective view which illustrates the can package in a state in which a 
cap is detached; Fig. 17(a) is a top view in a state in which an upper 
cap is detached; Fig. 17(b) is a cross-sectional view taken along a line 
II of Fig. 17(a) in a state in which the upper cap is attached; Fig. 18 is a 
circuit diagram which illustrates one example of a conventional 

15 single-phase feed type optical semiconductor device; Fig. 19 illustrates 
one example of an eye pattern of electric signal waveforms output from 
a circuit such as an LD driving circuit shown in Fig. 18; Fig. 20 
illustrates one example of an eye pattern of optical signal waveforms 
(optical output waveforms) output from the LD module shown in Fig. 18; 

20 and Fig. 21 is a graph which illustrates the frequency response 

characteristics when a signal transmission path P between the LD 
driving circuit and the LD module shown in Fig. 18 is constituted by a 
distributed constant circuit such as a micro-strip line and when the LD 
module is viewed from this distributed constant circuit. 
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BEST MODE FOR CARRYING OUT THE INVENTION 

Exemplary embodiments of the optical semiconductor device 
according to the present invention is described in detail below with 
reference to the accompanying drawings. 

5 

FIRST EMBODIMENT 

Fig. 1 is a circuit block diagram which illustrates one example of 
an optical semiconductor device according to the first embodiment. In 
Fig. 1, an LD driving circuit 1 includes an input buffer 11 which has a 

10 differential input configuration, a pair of differential transistors 12 and 
13 which have differential configuration and which output an antiphase 
signal and a positive phase signal, respectively, a transistor 14 which 
performs a constant-current operation, and resistors 15 and 16 which 
are loads of collectors of the differential transistors 12 and 13, 

15 respectively, and which make impedance matching. 

The input buffer 11 shapes waveforms of input antiphase signal 
and positive phase signal, and generates the adjusted antiphase signal 
and positive phase signal to be input to bases of the differential 
transistors 12 and 13. 

20 The paired differential transistors 12 and 13 that have the 

differential configuration and the transistor 14 constitute a differential 
amplifier. Collector sides of the differential transistors 12 and 13 are 
connected to one side of the resistors 15 and that of the resistor 16, 
respectively. The other sides of the resistors 15 and 16 are connected 

25 to ground terminals, respectively. Emitters of the differential 
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transistors 12 and 13 are connected to the transistor 14 which performs 
the constant-current operation. An antiphase signal output terminal of 
the input buffer 11 is connected to the base of the differential transistor 
12, and a positive phase signal output terminal of the input buffer 11 is 
5 connected to the base of the differential transistor 13. An emitter side 
of the transistor 14 and a voltage input terminal of the input buffer 11 
are both connected to a negative power supply (Vee). 

Collector-side output terminals of the differential transistors 12 
and 13 are connected to a pair of electrodes (an anode and a cathode) 

10 of an LD 20 through a distributed constant circuit 18, which includes 

micro-strip lines or grounded coplanar lines, and matching resistors 19a 
and 19b, respectively. 

The differential transistors 12 and 13 may be replaced by 
field-effect transistors (hereinafter, "FETs"). If the FETs are employed, 

15 the anode and cathode of the LD 20 are connected to drains of the 
FETs, respectively. 

LD module 2 sides of the differential transistors 12 and 13 are 
connected to the LD 20 having a high frequency impedance of about 5 
ohms through the distributed constant circuit 18 and the matching 

20 resistors 19a and 19b for impedance matching each having an 

impedance of about 20 ohms. The anode side of the LD 20 is bonded 
to a conductor line electrically connected to the matching resistor 19b 
by soldering or the like, and the cathode side of the LD 20 is connected 
to a conductor line electrically connected to the matching resistor 19a. 

25 The distributed constant circuit 18 is constituted so that the output 
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terminals of the differential transistors 13 and 12 of differential type in 
the LD driving circuit 1 are connected to the matching resistors 19a and 
19b by differential lines or wire bonds, respectively. The differential 
lines are obtained by arranging two conductor lines to be proximate to 
5 each other, and signal transmission is performed so that one of input 
signals to the two conductor lines is a positive-phase signal and the 
other input signal is an antiphase signal. It is thereby possible to 
improve electrical coupling between the two conductor lines and reduce 
leakage loss of an electric field. 

10 In, for example, the conventional single-phase driving type 

optical semiconductor device, since a high current that drives the LD is 
fed back to the LD driving circuit through a ground, a ground potential 
changes. This ground potential change often adversely affects an 
optical reception electronic circuit arranged proximate to the device and 

15 detecting a feeble current. In this embodiment, by contrast, the optical 
semiconductor device performs a push-pull operation with respect to 
the LD using the differential lines. Therefore, the optical 
semiconductor device in this embodiment has advantages in that the 
high current carries across the differential lines, the ground potential 

20 has less change, and peripheral circuits are less influenced. 

The differential lines include differential type micro-strip lines 
(micro-strip differential lines) obtained by arranging two signal 
transmission lines proximate to each other, differential type grounded 
coplanar lines (grounded coplanar differential lines ), differential pins 

25 (or leads) obtained by arranging two conductor pins proximate to each 
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other, or the like. 

A solenoid 21a having a high impedance with respect to a high 
frequency and a resistor 22a connected in parallel to this solenoid 21a 
and reducing a Q value for preventing a resonance constitute a first 
5 bias circuit 28a. A solenoid 21b having a high impedance with respect 
to the high frequency and a resistor 22b connected in parallel to this 
solenoid 21b and reducing the Q value for preventing the resonance 
constitute a second bias circuit 28b. Air-cored coils which cause bias 
currents (direct currents) to pass through, and which suppress 

10 modulated signals (electric signals at several hundred kilohertz to 
several tens of gigahertz) output from the LD driving circuit 1 from 
leaking from the first and the second bias circuits 28a and 28b, i.e., 
which cut off high frequency signals are used for the solenoids 21a and 
21b, respectively. The solenoid 21a in the first bias circuit 28a and the 

15 solenoid 21b in the second bias circuit 28b are connected to the 

conductor lines, one ends of which are electrically connected to the 
anode and cathode of the LD 20, through the wire bonds 23a and 23b, 
respectively. Thus, the bias circuit 28a is connected to the conductor 
line electrically connected to the matching resistor 19a through the wire 

20 bond 23a, and connected to the cathode of the LD 20 through a wire 
bond 29. The bias circuit 28b is connected to the conductor line 
electrically connected to the matching resistor 19b through the wire 
bond 23b, and connected to the soldered conductor line (pad) on the 
anode of the LD 20. 

25 The anode side of the LD 20 is connected to a ground terminal 



through the parallel circuit in the second bias circuit 28b. The cathode 
side of the LD 20 is connected to a constant current source 24 through 
the parallel circuit in the second bias circuit 28a. The constant current 
source 24 includes a transistor and an emitter side of the constant 
5 current source 24 is connected to a negative power supply (Vee). This 
negative power supply is set equal in voltage to the negative power 
supply (Vee) to which the transistor 14 in the LD driving circuit 1 is 
connected. Alternatively, they may be set at different voltages. 

The bias circuits 28a and 28b, together with the wire bonds 23a 
10 and 23b and the like, act as ungrounded open terminals for high 
frequencies. 

With the driving configuration of this LD 20, direct current 
(hereinafter, "DC") bias currents are supplied to the anode and cathode 
of the LD 20 through the paired first and second bias circuits 28a and 
15 28b, respectively, and high frequency modulation currents are input to 
the anode and cathode of the LD 20 in a differential manner by the 
paired differential transistors 12 and 13 of the differential type, 
respectively. 

Namely, if a state of the differential transistor 12 in the LD 
20 driving circuit 1 changes from ON to OFF (a state of the differential 

transistor 13 changes from OFF to ON), the modulation current flows in 
the LD 20 and a state of an laser light output from the LD 20 changes 
from OFF to ON. If the state of the differential transistor 13 changes 
from ON to OFF (the state of the differential transistor 12 changes from 
25 OFF to ON), the modulation current flowing in the LD 20 decreases and 



22 

the state of a laser light output of the LD 20 changes from ON to OFF. 

Accordingly, the modulated electrical signals output from the 
differential transistors 12 and 13 constituted to be differential from each 
other in the LD driving circuit 1 are transmitted to the LD 20 through the 
5 distributed constant circuit 18 and the like, and converted to optical 
modulation signal in the LD 20. The modulated optical signals 
generated from the LD 20 are condensed on an optical fiber 26 by a 
condenser lens 25 and the condensed, modulated optical signal is 
output through this optical fiber 26. 

10 Fig. 2(a) is an explanatory view which typically illustrates rising 

and fall characteristics of the paired differential transistors 12 and 13 in 
the LD driving circuit 1. Fig. 2(b) is an explanatory view which 
illustrates a principle that the rising and fall characteristics of the paired 
differential transistors 12 and 13 are averaged. 

15 As shown in Fig. 2(a), if a rise time of the differential transistor 

12 or 13 (it is assumed that the transistors 12 and 13 are equivalent in 
characteristics) is tr and a fall time thereof is tf, tr and tf satisfies a 
relationship of tr < tf. This is already explained above. 

Further, as explained, the positive-phase signal and the 

20 antiphase signal are passed through the distributed constant circuit 18, 
and one is connected to the cathode of the LD 20 through the matching 
resistor 19a and the other is connected to the anode of the LD 20 
through the matching resistor 19b. By so connecting, when the 
differential transistor 12 rises, the differential transistor 13 

25 simultaneously rises and when the differential transistor 12 falls, the 
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differential transistor 13 simultaneously falls. Therefore, if the 
operation is viewed from the LD 20, the LD 20 is push-pull driven by the 
paired differential transistors 12 and 13. 

As for the circuits in the conventional optical semiconductor 
5 device shown in Fig. 18, in the LD driving circuit 200, the paired 

transistors perform a differential operation. If the operation is viewed 
from the LD 310, the operation is simply such that when the differential 
transistor 203 rises, a current flows in the LD 310, and that when the 
differential transistor 203 falls, no current flows in the LD 310. Namely, 

10 if the operation is viewed from the LD 310 (or the distributed constant 
circuit that connects the LD driving circuit 200 to the LD 310), the LD 
310 is not push-pull driven. 

The circuits in the optical semiconductor device according to the 
present invention shown in Fig. 1 perform such an push-pull operation. 

15 Therefore, the distributed constant circuit 18 serves as differential lines, 
performs current push and pull for the LD 20 simultaneously. If the 
operation is viewed from the LD 20, the circuits operate for an average 
time ((tr + tf) / 2) between the rise time (tr) of the differential transistor 
12 and the fall time (tf) of the differential transistor 13. As a result, as 

20 shown in Fig. 2(b), the paired transistors 12 and 13 exhibit symmetric 
rise characteristics that the rise time and the fall time are averaged. 

Fig. 3 illustrates that optical signal waveforms in various 
patterns are photoelectrical^ converted to electric signals and that the 
electric signals are passed through a band filter and overlaid. In Fig. 3, 

25 an upper part is a mark side (light emission) and the horizontal axis 
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indicates time. As can be seen from Fig. 3, waveform asymmetry is 
improved, there are enough margins to the eye mask prescriptions, and 
good transmission characteristics can be obtained, as compared with 
the eye pattern shown in Fig. 20. 
5 Near ah upper right part (a rising part indicated by F in Fig. 3) of 

a central portion of the eye pattern, in particular, there is an enough 
margin to the eye mask prescription, so that a margin to a waveform 
deterioration following a lowering in the relaxation oscillation frequency 
of the LD 20 due to an increase of a using temperature. 

10 . Further, in order to the rise characteristics of the LD driving 

circuit having the relatively long rise time and fall time shown in Fig. 19, 
the LD driving circuit 200 is adjusted to have peaking characteristics. 
If so, a slight ringing at a frequency around 15 gigahertz higher than a 
signal band often occurs and is superposed on the electric waveform 

15 shown in Fig. 19. 

This ringing can lift up the rising waveform of the optical output 
waveform, a right shoulder (lower right part) of the eye pattern has 
margins to the eye mask, and the quality of the optical output 
waveforms can be enhanced. If a fundamental wave of a digital signal 

20 at 10 Gb/s (minimum pulse) is at, for example, 5 gigahertz, the peaking 
of the LD driving circuit 200 is adjusted so that the ringing occurs at a 
harmonics three times higher than 5 gigahertz, i.e., 15 gigahertz, 
whereby high-quality optical output waveforms can be obtained. 
Japanese Patent Application Laid-Open Publication No. 

25 11-233876 discloses an example of the laser module that transmits data 
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without jitters by holding a balance between differential load 
impedances. However, the laser module does not perform a push-pull 
operation if the operation is viewed from the LD. Therefore, the 
invention disclosed by the publication differs from the present invention. 
5 Japanese Patent Application Laid-Open Publication No. 

5-327617 discloses that only the fall time is improved by reducing the 
input impedance of the LD which impedance is viewed from the driving 
circuit. Therefore, the invention of the publication entirely differs in 
principle from the present invention. 

10 Fig. 4(a) is a graph which illustrates frequency response 

characteristics when the LD module 2 shown in Fig. 1 is viewed from 
the distributed constant circuit 18. As explained, the bias circuit 23a, 
in which the solenoid 21a and the resistor 22a are arranged in parallel, 
is connected to the cathode side of the LD 20 in the LD module 2 shown 

15 in Fig. 1, and the bias circuit 23b, in which the solenoid 21b and the 
resistor 22b are arranged in parallel, is connected to the anode side of 
the LD 20 in the LD module 2. Therefore, the respective bias circuits 
28a and 28b generate a resonance due to the capacitance components 
of the pad sections provided on the ceramic substrate or the like, 

20 similarly to the example of the conventional LD module 300. However, 
if the LD module 2 is viewed as an equivalent circuit from the 
distributed constant circuit 18 side, the two bias circuits appear as if 
they are connected in series. Therefore, an amplitude of the 
resonance can be reduced, and the sharp decline at the frequency 

25 around 10 gigahertz as shown in Fig. 21 is prevented. In the example 
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shown in Fig. 4(a), the graph which illustrates the frequency response 
characteristics when the impedances of the resistors 22a and 22b are 
set equal is shown. 

Fig. 4(b) is a graph which illustrates the frequency response 
5 characteristics when the bias circuits 28a and 28b are set to have 

different impedances. As shown in Fig. 4(b), waviness is improved as 
compared with the graph of Fig. 4(a). Specific examples of 
inductances and resistors will be explained later in the third and the 
fourth embodiments. 

10 Japanese Patent Application Laid-Open Publication No. 5-37083 

discloses a problem that an inductance Ls of a bonding wire for 
connecting a bias circuit to a semiconductor laser and a parasitic 
capacitance Cs1 of a ceramic block of an airtight package provided for 
connecting the bias circuit to an external circuit cause the deterioration 

15 of small signal frequency characteristics. According to the publication, 
with a view of reducing the influence of this parasitic capacitance Cs1, 
metallization applied on a lower surface of a bias line arranged on the 
ceramic block of the airtight package is removed and the parasitic 
capacitance in the circuit is thereby removed. A lower surface of the 

20 ceramic block is a part other than the iower surface of the bias line and 
metallization thereof is not removed. 

Nevertheless, the invention disclosed by Japanese Patent 
Application Laid-Open Publication No. 5-37083 employs the 
single-phase line to supply a modulated signal to the semiconductor 

25 laser. The publication does not disclose an example of the circuit in 
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which differential lines are employed, an example in which two bias 
circuits are employed, and an example in which impedances of the two 
bias circuits are set differently. In addition, the invention of the 
publication differs in circuit configuration from the first embodiment of 
5 the present invention in which the two bias circuits connected to the 
differential lines are arranged. 

Moreover, the invention of Japanese Patent Application 
Laid-Open Publication No. 5-37083 moves a damping frequency of 3 
decibels of the passing characteristics caused by the resonance from 

10 2.5 gigahertz to 2.9 gigahertz on the frequency axis. The invention of 
the publication thus totally differs from the first embodiment of the 
present invention in which the amplitude of the resonance is changed. 

As can be seen, according to the first embodiment, the optical 
semiconductor element to which the differential lines are connected is 

15 driven by the push-pull operation. Therefore, the first embodiment 
exhibits advantages in that the asymmetry of the electric driving 
waveform is improved, the quality of the optical output waveform is 
improved, and good transmission characteristics can be thereby 
obtained. 

20 Further, the bias circuits are arranged on the both sides of the 

optical semiconductor element to which the differential lines are 
connected. Therefore, if the optical semiconductor element is 
assumed as the equivalent circuit, the two bias circuits appear to be 
connected in series to the optical semiconductor element. Hence, the 

25 amplitude of the resonance can be reduced, the sharp decline (ripple) 
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of the passing characteristics followed by the arrangement of the bias 
circuits can be improved, the quality of the optical output waveform can 
be improved, and the good transmission characteristics can be thereby 
obtained. 

In the first embodiment, the optical semiconductor device in 
which the LD is directly modulated has been shown. The first 
embodiment is also applicable to an optical semiconductor device 
separately including a light source that outputs a light of a certain 
intensity, such as an optical semiconductor device using a field 
absorption type semiconductor modulation element. Such an optical 
semiconductor device has the same functions and advantages as those 
of the first embodiment. 

In the first embodiment, each solenoid is employed as an 
element that prevents a serial resonance. However, any other element 
can be used as long as the element has an inductance component (the 
element is an inductance element). For example, a chip inductor 
including a pattern wiring on the ceramic substrate, or a wire having a 
diameter of 0.01 to 0.5 millimeter and a length of about 10 millimeters 
may be used. 

As explained so far, according to the optical semiconductor 
device in the first embodiment, the optical semiconductor element to 
which the differential lines are connected is driven by the push-pull 
operation. Therefore, the optical semiconductor device has 
advantages in that the asymmetry of the waveform can be improved, 
the quality of the optical output waveform is improved, and the good 
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transmission characteristics can be thereby obtained. 

Further, according to the optical semiconductor device in the 
first embodiment, the bias circuits are arranged on the both sides of the 
optical semiconductor element to which the differential lines are 
5 connected. Therefore, the ripple of the passing characteristics 

followed by the arrangement of the bias circuits can be improved, the 
quality of the optical output waveform can be improved, and the good 
transmission characteristics can be thereby obtained. 

10 SECOND EMBODIMENT 

Fig. 5 is a circuit block diagram which illustrates one example of 
the optical semiconductor device in the second embodiment. In Fig. 5, 
the LD driving circuit 1 includes the input buffer 11 which has 
differential input configuration, the paired differential transistors 12 and 

15 13 which have differential configuration to output an antiphase signal 
and a positive phase signal, respectively, the transistor 14 which 
performs a constant-current operation, and the resistors 15 and 16 
which are resistors against the loads of collectors of the differential 
transistors 12 and 13, respectively, and which make impedance 

20 matching. 

The input buffer 11 shapes waveforms of input antiphase signal 
and positive phase signal, and generates the adjusted antiphase signal 
and positive phase signal to be input to bases of the differential 
transistors 12 and 13. 
25 The paired differential transistors 12 and 13 that have the 



30 



differential configuration and the transistor 14 constitute a differential 
amplifier. Collector sides of the differential transistors 12 and 13 are 
connected to one side of the resistor 15 and that of the resistor 16, 
respectively. The other sides of the resistors 15 and 16 are connected 
5 to ground terminals, respectively. Emitters of the differential 

transistors 12 and 13 are connected to the transistor 14 which performs 
the constant-current operation. The antiphase signal output terminal 
of the input buffer 11 is connected to the base of the differential 
transistor 12, and the positive phase signal output terminal of the input 
10 buffer 11 is connected to the base of the differential transistor 13. An 
emitter side of the transistor 14 and a voltage input terminal of the input 
buffer 11 are both connected to the negative power supply (Vee). 

The (collector-side) output terminals of the differential 
transistors 12 and 13 are connected to the anode and the cathode of 
15 the LD 20 through the distributed constant circuit 18, which includes 

micro-strip lines or grounded coplanar lines, and the matching resistors 
19a and 19b, respectively. 

The differential transistors 12 and 13 may be replaced by the 
FETs. If the FETs are employed, the anode and cathode of the LD 20 
20 are connected to drains of the FETs, respectively. 

The LD module 2 sides of the differential transistors 12 and 13 
are connected to the anode side of LD 20 having a high frequency 
impedance of about 5 ohms by soldering and to the cathode side 
thereof by the wire bond 29 through the distributed constant circuit 18, 
25 a filter 27, and the matching resistors 19a and 19b for impedance 
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matching each having an impedance of about 20 ohms. The 
differential transistors 12 and 13 are connected to the first bias circuit 
28a which includes the solenoid 21a having a high impedance with 
respect to a high frequency and the resistor 22a connected in parallel to 
5 this solenoid 21a and reducing a Q value for preventing a resonance, 
and to the second bias circuit 28b which includes the solenoid 21b 
having a high impedance with respect to a high frequency and the 
resistor 22b connected in parallel to this solenoid 21b and reducing a Q 
value for preventing a resonance through wire bonds 23a and 23b, 

10 respectively. 

The anode side of the LD 20 is connected to the ground terminal 
through the wire bond 23b and the parallel circuit in the second bias 
circuit 28b. The cathode side of the LD 20 is connected to the bias 
constant-current source 24 through the wire bonds 29 and 23a and the 

15 parallel circuit in the second bias circuit 28a. The constant-current 
source 24 includes a transistor and an emitter side of the constant 
current source 24 is connected to the negative voltage source (Vee). 
This negative voltage source is equal in voltage to the negative voltage 
source (Vee) to which the transistor 14 in the LD driving circuit 1 is 

20 connected. Alternatively, these negative voltage sources may be set 
at different voltages. 

Similarly to the first embodiment, DC bias currents are supplied 
to the anode and cathode of the LD 20 through the paired bias circuits 
28a and 28b, and high frequency modulated signals are input to the 

25 anode and cathode of the LD 20 by the paired differential type 
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differential transistors 12 and 13 in a differential manner. 

If a peaking is applied to the LD driving circuit 1 by changing a 
circuit constant, not shown in Fig. 5, in order to improve the rise 
characteristics of the differential transistors 12 and 13 in the LD driving 
5 circuit 1, a ringing at cycles of about 15 gigahertz occurs. The filter 27 
shown in Fig. 5 is a lowpass filter for removing this ringing. 

In a 1.31 micrometer wavelength band in which optical fiber 
dispersion is less influential, waveform change after optical fiber 
transmission is small and this ringing waveform is attenuated by a filter 

10 of a receiver. Therefore, an optical output waveform having larger 
margins to the eye mask can be obtained. This ringing can be, 
therefore, actively utilized for the improvement of the signal waveform 
after the signal is passed through the filter of the receiver. However, in 
a 1.55 micrometer wavelength band in which the optical fiber dispersion 

15 influence is large, if this ringing waveform is present, a wavelength 
chirp resulting from the optical semiconductor light emitting element 
grows and the chirp may possibly adversely affect the waveform after 
the signal is transmitted over the optical fiber. For this reason, the 
ringing is removed by the filter 27. 

20 Fig. 6(a) is a top view of the filter 27, and Fig. 6(b) is an 

illustration of this filter 27 viewed from an arrow P direction. In Fig. 
6(a) and Fig. 6(b), the filter 27 includes a pair of micro-strip differential 
lines 39 on an upper surface of a ceramic substrate 41 and a ground, 
conductor 40 on a lower surface thereof. In addition, a comb-like strip 

25 conductor electrode 38 is formed alternately from the paired micro-strip 
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conductor lines 39 in an inward direction orthogonal to the micro-strip 
conductor lines 39. 

Fig. 7 is a graph which compares frequency response 
characteristics before and after insertion of the filter 27. In Fig. 7, C1 
5 indicates the curve of Fig. 4(b) and indicates a waveform in which the 
waviness of the response characteristics is improved by setting the 
impedances of the bias circuits 28a and 28b shown in Fig. 5 asymmetric 
to each other. C2 is a waveform indicating the response 
characteristics if the peaking is applied to the LD driving circuit 1 shown 

10 in Fig. 5 by changing the circuit constant, not shown when a ringing at 
cycles of about 15 gigahertz occurs. C3 is a waveform which indicates 
the response characteristics when the ringing around 15 gigahertz is 
cut off by the filter 27. Fig. 7 shows that flat and good frequency 
response characteristics are obtained up to the frequency exceeding 12 

15 gigahertz. 

Japanese Patent Application Laid-Open Publication No. 7-38185 
discloses, in Fig. 6, a circuit in which serial circuits including a 
capacitance and a resistor are inserted in parallel to an LD element and 
which thereby prevents the ringing of rise characteristics. An object of 

20 this circuit is, however, to remove an overshoot which occurs because 
no bias current is applied and a relaxation oscillation, which object 
differs from the object of the present invention. Further, the circuit of 
the publication differs from the present invention in that the circuit is a 
single-phase feed type and also differs in circuit configuration. 

25 Japanese Patent Application Laid-Open Publication No. 7-46194 
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discloses, in Fig. 1 and Fig. 2, a circuit which changes a matching state 
by connecting, in parallel, serial circuits including an inductance and a 
resistor to an LD element between a matching resistor and an LD 
driving circuit, to thereby prevent a ringing. However, the invention 
5 differs from the present invention in object and circuit configuration and 
also differs in that the circuit is of a single-phase feed type. 

Fig. 8 is a simplified equivalent circuit diagram which simulates 
a high frequency operation of the optical semiconductor device shown 
in Fig. 5. Reference symbol 31 denotes an output impedance of the 

10 LD driving circuit. On an LD module side, reference symbols 

correspond to those that denote the respective element of the LD 
module shown in Fig. 5, i.e., reference symbols 19a and 19b denote the 
matching resistors, 20 denotes an LD, and 27 denotes the filter. 

If it is assumed herein that resistances of the matching resistors 

15 19a and 19b are Rd, an internal resistance of the LD 20 is r, a 

capacitance of the filter 27 is C, and the output impedance of the LD 
driving circuit is Z, then an approximate equation of a cutoff frequency 
fc of this equivalent circuit is expressed as follows: 

fc = — i — , where R = P-^ + r ^ 



2kRC 2Rd + r + Z 

20 For example, if the impedance Z of the LD driving circuit side is 

100 ohms, the internal resistance r of the LD 20 is 8 ohms, and the 
resistances Rd of the matching resistors are 45 ohms, and the 
capacitance C of the filter 27 is 0.16 picofarad, then the cutoff 
frequency fc is approximated to about 10 gigahertz. Since the actual 
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circuit constant is complicated, the cutoff frequency cannot be simply 
obtained. However, if the capacitance is set based on this cutoff 
frequency fc, a desired filter effect can be obtained. 

As explained, according to the second embodiment, the optical 
5 semiconductor device includes the first and the second conductor finger 
sections in which a plurality of conductors crossing the first and the 
second conductor lines, respectively, are formed into a comb, the filter 
in which the first conductor finger section and the second conductor 
finger section are alternately arranged cuts off frequencies at least 

10 higher than a maximum repetition frequency, and the filter removes or 
reduces the unnecessary ringing of the LD output which occurs when 
the peaking is applied to the LD driving circuit. Therefore, it is 
possible to improve a signal-to-noise ratio of the optical output signal, 
to improve the quality of the optical output waveform, accordingly, and 

15 obtain the good transmission characteristics. 

In the second embodiment, the example of using the comb-like 
filter as the element that prevents the ringing is shown. Any other 
element can be used as long as the element has a capacitance 
component and the element can be constituted by an ordinary 

20 conductor pattern or the iike. 

In the second embodiment, the optical semiconductor device in 
which the LD is directly modulated is illustrated. The second 
embodiment is also applicable to an optical semiconductor device 
separately including a light source that outputs a light of a certain 

25 intensity, such as an optical semiconductor device using a field 
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absorption type semiconductor modulation element. Such an optical 
semiconductor device has the same functions and advantages as those 
of the second embodiment. 

5 THIRD EMBODIMENT 

In the first embodiment, the advantages of using the differential 
lines have been explained while centering around the advantage of 
compensating the asymmetry of the rise/fall characteristics of the LD 
driving circuit and improving the optical output waveform. By 
10 employing the differential lines, there is an advantage in that frequency 
characteristics can be improved besides the advantage of 
compensating the asymmetry of the rise and fall characteristics. In 
this embodiment, the advantage of improving the frequency 
characteristics will be explained while referring to equivalent circuits for 
15 specific examples of reactances and resistances. 

Fig. 9(a) is a simplified equivalent circuit diagram which 
simulates a high frequency operation of the conventional optical 
semiconductor device shown in Fig. 18. In Fig. 9(a), reference symbol 

31 denotes the output impedance of the LD driving circuit, 309 denotes 
20 a matching resistor, and 310 denotes the internal resistance of the LD. 

Reference symbol 329 is the wire bond that connects pads, not shown 
in Fig. 9(a), provided on the conductor line electrically connected to the 
matching resistor 309 to the cathode of the LD 310. Reference symbol 

32 denotes the bias circuit including the inductance element 311 such 
25 as the solenoid. Although the resistances should actually be 
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reactances, the resistances are shown for simplifying explanation of 
fundamental passing characteristics in Fig. 9 and Fig. 10. 

Fig. 9(b) is a graph which illustrates a simulation result of the 
frequency response characteristics of this equivalent circuit. Fig. 9(b) 
5 illustrates the simulation result when the output impedance Z1 of the LD 
driving circuit side is 50 ohms, the internal resistance r1 of the LD 310 
is 8 ohms, the resistance R3 of the matching resistor 309 is 40 ohms, 
the inductance L of the wire bond 329 is 0.5 nanohenries, and the 
impedance of the bias circuit 32 is 50 ohms. Fig. 9(b) demonstrates 

10 that a 3-decibel band (between ml and m2 where the frequency is 
lower by 3 decibels than that of ml) is at about 10.6 gigahertz. 

Fig. 10(a) is a simplified equivalent circuit diagram which 
simulates the high frequency operation of the optical semiconductor 
device (differential lines) according to the present invention shown in 

15 Fig. 1. In Fig. 10(a), reference symbol 31 denotes the output 

impedance of the LD driving circuit, 19a and 19b denote the matching 
resistors, 20 denotes the LD, 29 denotes the wire bond, and 32 and 33 
denote the respective bias circuits. 

Fig. 10(b) is a graph which illustrates a simulation result of the 

20 frequency response characteristics of this equivalent circuit. Fig. 10(b) 
illustrates the simulation result when the output impedance Z1 of the LD 
driving circuit side is 100 ohms, the internal resistance r1 of the LD 20 
is 8 ohms, the resistances R3 of the matching resistors 19a and 19b are 
40 ohms, the inductance L of the wire bond 29 is 0.5 nanohenry, and 

25 the impedances of the bias circuits 32 and 33 are 50 ohms. Fig. 10(b) 
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demonstrates that a 3-decibel band (between m3 and m4 where the 
frequency is lower by 3 decibels than that of m3) is at about 18.6 
gigahertz. 

The substrate side (anode) of the LD element is fixed to a feed 
5 line by soldering or the like. Therefore, the inductance component on 
the LD module side is mainly caused by the wire bond on the cathode 
side of the LD element, and there is hardly a difference in impedance 
component between the differential feed circuit and the singe-phase 
feed circuit. On the other hand, the circuit that employs the differential 
10 lines of the impedance viewed from the LD element side is about twice 
as high as that of the single-phase feed circuit. As a result, by using 
the differential lines, the frequency characteristics (passing 
characteristics) are improved. 

As can be understood, by connecting the LD driving circuit to 
15 the LD module using the differential lines, the frequency characteristics 
can be improved. 

FOURTH EMBODIMENT 

Fig. 11(a) is a circuit diagram which illustrates the configuration 

20 of the bias circuits in the equivalent circuit shown in Fig. 10(a) in detaii. 
Since the configuration and operation of this equivalent circuit are the 
same as those explained in the first embodiment, they will not be 
explained herein. In this fourth embodiment, the characteristics of the 
equivalent circuit in the first embodiment will be explained while 

25 referring to specific examples of inductances, capacitances, and 
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resistances. 

(FIRST SPECIFIC EXAMPLE) 

Pieces of data on the respective elements of the equivalent 
5 circuit of the optical semiconductor device in the first specific example 
are as follows if using symbols shown in Fig. 11(a). Resistances R1 
and R2 of the resistors 22a and 22b are 1,000 ohms, resistances R3 
and R4 of the matching resistors 19a and 19b are 40 ohms, 
inductances L1 and L2 of the solenoids 21a and 21b are 0.5 nanohenry, 

10 inductances L4 and L5 of the wire bonds 23a and 23b are 3 

nanohenries, the resistance Z1 of the LD driving circuit side is 100 
ohms, the resistance r1 of the LD 20 is 8 ohms, and parasitic 
capacitances C1, C2, C3, and C4 of the bias circuits are 0.1 picofarad. 
Fig. 1 1 (b) is a graph which illustrates a simulation result of the 

15 frequency characteristics based on these circuit conditions. 

Fig. 11(c) is a circuit block diagram which illustrates the 
configuration of the bias circuits in the equivalent circuit shown in Fig. 
9(a) in detail. Since the configuration and operation of this equivalent 
circuit are the same as those explained in the conventional art, they will 

20 not be explained herein. Pieces of data on the respective elements of 
the equivalent circuit are as follows if using symbols shown in Fig. 11(c). 
R2 is 1,000 ohms, R3 is 40 ohms, the inductance L2 of the inductance 
element 311 is 100 nanohenries, L3 = 0.5 nanohenry, L5 = 3 
nanohenries, and the parasitic capacitances C2 and C4 of the bias 

25 circuits are 0.1 picofarad. Fig. 11(d) is a graph which illustrates a 
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simulation result of the frequency characteristics based on these circuit 
conditions. 

As shown in the simulation results of Fig. 11(b) and Fig. 11(d), if 
the optical semiconductor device employs the differential feed type bias 
5 circuits, the amplitude of the resonance ripple caused by the bias 

circuits can be reduced, as compared with the device that employs the 
single-phase feed type bias circuits. The result of Fig. 11(b) 
corresponds to that of Fig. 4(a) which illustrates the experimental result 
of the differential feed type optical semiconductor device in the first 

10 embodiment, and that of Fig. 11(d) corresponds to that of Fig. 21 which 
illustrates the experimental result of the single-phase feed type optical 
semiconductor device. It is noted, however, that the experimental 
results of Fig. 4(a) and Fig. 21 include the frequency characteristics of 
the LD driving circuits 1 and 200 and a high frequency region is cut off. 

15 Japanese Patent Application Laid-Open Publication No. 5-37083 

discloses the circuit in which a ground surface of a feed-through of the 
package is removed so as to reduce parasitic capacitances outside of 
the wall surface of the package of the optical module with a view of 
improving the resonance ripple which occurs due to the capacitances of 

20 the bias circuit. This circuit, however, employs a single-phase line and 
differs in circuit configuration from that of the present invention. 
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(SECOND SPECIFIC EXAMPLE) 

The characteristics of the bias circuits if different conditions are 
set for the equivalent circuit of the optical semiconductor device in the 



41 



first embodiment, will be explained as the second specific example of 
the inductances, capacitances, and resistances. 

Fig. 12(a) is a circuit block diagram which illustrates the 
identical equivalent circuit to that shown in Fig. 11(a). Fig. 12(b) is a 
5 graph which illustrates a simulation result based on circuit conditions 
shown in Fig. 12(a), and corresponds to the graph shown in Fig. 11(b). 
Fig. 12(c) is a graph which illustrates a simulation result of the 
frequency response characteristics when the inductance L4 of the wire 
bond 23a (or 23c) is changed from 3 nanohenries to 1 nanohenry. 

10 As shown in the simulation results of Fig. 12(b) and Fig. 12(c), 

by making the inductance components of the wire bond connecting the 
bias circuit to the LD element and the like asymmetric vertically, a 
frequency at which the resonance ripple occurs can be set high. 
Although the amplitude of the ripple increases, a region in which the 

15 ripple occurs can be forced out of the band. Therefore, this is 
advantageous when a desired band is to be secured. 

(THIRD SPECIFIC EXAMPLE) 

The characteristics of the bias circuits if different conditions are 
20 set for the equivalent circuit of the optical semiconductor device in the 
first embodiment, will be explained as the third specific example of 
inductances, capacitances, and resistances. 

Fig. 13(a) is a circuit block diagram which illustrates the 
identical equivalent circuit to that shown in Fig. 11(a). Fig. 13(b) is a 
25 graph which illustrates a simulation result based on circuit conditions 
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shown in Fig. 13(a), and corresponds to the graph shown in Fig. 11(b). 
Fig. 13(c) is a graph which illustrates a simulation result of the 
frequency response characteristics when the inductance L1 of the 
solenoid 21a is changed in the equivalent circuit of Fig. 11(a). As 
5 regards the solenoid 21a and the resistance 22a, Fig. 13(b) is the graph 
before the inductance L1 is changed while setting L1 =100 nanohenries 
and R1 = 1,000 ohms, and Fig. 13(c) is the graph after the inductance 
L1 is changed while setting L1 = 10 nanohenries and R1 = 400 ohms. 
As shown in the simulation results of Fig. 13(b) and Fig. 13(c), 

10 by making the impedances of the solenoid 21a (or 21b) and the resistor 
22a (or 22b) connected in parallel to each other in the bias circuit 
asymmetric vertically, the amplitude of the resonance ripple can be 
further reduced. This is the same in content as that shown in the 
experimental result of Fig. 4(b) which illustrates the first embodiment. 

15 In the experimental result of Fig. 4(b) which illustrates the first 

embodiment, the frequency characteristics of the LD driving circuit 1 
are included and the high frequency region is cut off. 

As can be seen, according to the fourth embodiment, by 
connecting the LD driving circuit to the LD module using the differential 

20 lines, the amplitude of the resonance ripple can be reduced. In 
addition, by making the inductance components of the wire bonds 
connecting the bias circuits to the LD element and the like asymmetric 
vertically by changing the lengths of the wire bonds and the like, the 
frequency at which the resonance ripple occurs can be set high. 

25 Further, by making the impedances of the inductance element and the 
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resistance connected in parallel to each other in the bias circuit 
asymmetric vertically, the amplitude of the resonance ripple can be 
further reduced. 

5 FIFTH EMBODIMENT 

An optical semiconductor element module in the fifth 
embodiment of the present invention will first be explained with 
reference to Fig. 14 to Fig. 16. 

Fig. 14 illustrates the outside configuration of the optical 
10 semiconductor element module (hereinafter, "LD module" since an 
example of mounting the LD will be mainly explained in this fifth 
embodiment) 103 which includes a can package 101 and a receptacle 

102. Fig. 15(a) and Fig. 15(b) are a horizontal sectional view (a view 
of a surface parallel to x shown in Fig. 14) and a vertical sectional view 

15 (a view of a surface parallel to y shown in Fig. 14) of the LD module 

103, respectively. 

As shown in Fig. 14 and Fig. 15, the can package 101 includes 
a disk-like stem 110 on which bias feed pins (144a, 144b), high 
frequency signal pins (141a, 141b), and the like are mounted, a 
20 trapezoidal pedestal 111 (a pedestal block) on which a plurality of 
ceramic substrates are mounted, the condenser lens 25 which 
condenses a laser light emitted from the LD 20, a cylindrical cap 113 
which airtight seals the pedestal 111 and the like from the outside, and 
the like. 

25 As shown in Fig. 15, the cap 113 has a double cylinder form 
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which includes a first cap member 113a fixed to the stem 110 by 
projection welding or the like and a second cap member 113b fitted into 
a tip end side of the first cap member 113a from outward and fixed to 
the first cap member 113a by YAG welding or the like. Specifically, the 
5 first cap member 113a includes stepped outer cylinders, and the outer 
cylinder having a smaller diameter is provided on the tip end of the 
outer cylinder having a larger diameter. An inner cylinder of the one 
end-side second cap member 113b is fitted into the outer periphery of 
the outer cylinder having the smaller diameter, and the first cap member 

10 113a is fixed to the second cap member 113b by through YAG welding. 
On the tip end side of the first cap member 113a, a lens 
insertion hole 114 is formed and the condenser lens 25 is inserted into 
this hole 114. The condenser lens 25 is fixed to the first cap member 
113a by a screw, an adhesive material, or the like. An internal space 

15 115 of the first cap member 113a is isolated from the outside by a glass 
window 116, whereby the internal space 115 in which the pedestal 111 
is contained is kept airtight. If the internal space 115 can be kept 
airtight by bonding or soldering the condenser lens 25, the window 116 
may be omitted. 

20 in a portion (the other end side) of the second cap member 113b 

opposite to the condenser lens 25, a hole 117 for causing the laser light 
to pass through is formed. By making an adjustment to position this 
second cap member 113 relative to a laser light axis direction and fixing 
the second cap member 113b to the first cap member 113a by the YAG 

25 welding, the condenser lens 25 and a dummy ferrule 118 held in the 
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receptacle 102 are aligned to each other in the laser light axis direction. 

The receptacle 102 includes a ferrule insertion hole 119 for 
inserting a ferrule 121 (see Fig. 14) to which an optical fiber 120 is 
connected, and holds the optical fiber 120. The dummy ferrule 118, in 
5 which an optical fiber 118a is arranged, is press-fitted and fixed into a 
can package 101 -side in the ferrule insertion hole 119. One end face 
of the receptacle 102 on the side, on which the dummy ferrule 118 is 
fixed, is fixed to an end face on the other end side of the second cap 
member 113b is fixed to an end face of the other end side of the second 

10 cap member 113b in the can package 101 by butt welding using YAG 
welding or the like. By making a positioning adjustment relative to two 
directions vertical to the laser light axis direction when fixing the 
receptacle 102 to the second cap member 113b, the condenser lens 25 
is aligned to the dummy ferrule 118 in the receptacle 102 relative to the 

15 two directions at right angles with respect to the laser light axis. 

The ferrule 121 to which the optical fiber 120 is connected, 
includes an appropriate mechanism (not shown) for pressing the ferrule 
121 toward the dummy ferrule 118 and locking the ferrule 121 to the 
receptacle 102 when the ferrule 121 is inserted into the ferrule insertion 

20 hole 119 of the receptacle 102. Therefore, if the ferrule 121 is inserted 
into the ferrule insertion hole 119 of the receptacle 102, an end face of 
the optical fiber 118a in the dummy ferrule 118 abuts on an end face of 
the optical fiber 120 in the ferrule 121, whereby the fibers are 
connected (optically coupled) to each other. 

25 The internal configuration of the can package 101 will next be 
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explained. Fig. 16 is a perspective view which illustrates the can 
package 101 in a state in which the cap 113 is detached. 

As shown in Fig. 16, the can package 101 includes the disk-like 
stem 110 on which a plurality of pins are mounted and the trapezoidal 
5 pedestal 111 vertically fixed to an inner wall surface of the stem 110 by 
Ag brazing or the like. 

On the stem 110 which constitutes a ground, a pair of high 
frequency signal pins 141a and 141b to which the differential modulated 
electric signals (hereinafter, also referred to as "differential high 

10 frequency signals") are transmitted from the LD driving circuit 1, two 
ground pins 142a and 142b arranged on both sides of these high 
frequency signal pins 141a and 141b, one monitor signal pin 143 for 
transmitting a signal of a monitoring light reception element (e.g., a 
photodiode, (hereinafter, "PD")) 150, a pair of bias feed pins 144a and 

15 144b for supplying bias currents from an external DC bias current 
source to the LD 20, and a PD chip carrier 145 are mounted. For 
example, if a positive-phase current signal l 2 shown in Fig. 16 is 
extracted from the high frequency signal pin 141a, a current \^ opposite 
in phase to the current signal l 2 shown in Fig. 16 is applied to the high 

20 frequency signal pin 141b. 

Among these signal pins, the high frequency signal pins 141a 
and 141b and the ground pins 142a and 142b constitute a feed-through 
for causing an electric signal to pass through via the stem 110 while 
being kept airtight. The respective pins are fixed to the stem 110 

25 through dielectrics made of such a material as glass in an airtight 
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sealed state. The ground pins 142a and 142b are fixedly attached to 
an outer wall surface of the stem 110 that constitutes the ground by 
press-fitting or welding. The PD 150 mounted on the PD chip carrier 
145 is intended to monitor a monitor light emitted from the LD 20 toward 
5 a backward direction. 

Micro-strip differential line substrates 146 and 147, an LD chip 
carrier 148, and a bias circuit substrate 149 are mounted on an upper 
surface of the pedestal 111. A ground conductor layer that is a plane 
conductor plate formed on rear surfaces of the micro-strip differential 

10 line substrates 146 and 147 and the LD chip carrier 148 to function as 
the ground is coupled to the upper surface of the pedestal 111 by 
soldering or the like and electrically connected thereto. In addition, the 
pedestal 111 acts as a radiation path for radiating a heat generated 
from the LD 20 or the like. 

15 The micro-strip differential line substrate 146 includes a ceramic 

substrate 151, a pair of strip differential signal lines 152a and 152b 
formed on an upper surface of the ceramic substrate 151, and the 
ground conductor layer (not shown) formed on the rear surface of the 
ceramic substrate 151. Pads 153a and 153b to contact with the high 

20 frequency signal pins 141a and 14ib protruding from the stem 110 are 
formed on one-end sides of the strip differential signal lines 152a and 
152b, respectively. Capacitive stubs 154a and 154a for impedance 
matching which protrude to be closer to each other signal line are 
formed halfway along the strip differential signal lines 152a and 152b, 

25 respectively. The strip differential signal lines 152a and 152b are set 
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to have a larger distance therebetween in input-side portions near the 
stem 110 so as to correct an impedance of the field-through section the 
impedance of which tends to be low. The strip differential signal lines 
152a and 152b each include a portion in which the distance between 
5 the signal lines is gradually smaller and an output-side portion in which 
the distance between the signal lines is close and in which the signal 
lines are arranged in parallel. End portions of the high frequency 
signal pins 141a and 141b mounted on the stem 110 are connected and 
fixed to the pads 153a and 153b of the micro-strip differential line 

10 substrate 146 by brazing or soldering. 

The micro-strip differential line substrate 147 includes a ceramic 
substrate 155, a pair of strip differential signal lines 156a and 156b 
formed on an upper surface of the ceramic substrate 155, and the 
ground conductor layer (not shown) formed on a rear surface of the 

15 ceramic substrate 155. Each of the strip differential signal lines 156a 
and 156b includes a corner curve portion for turning up a signal line 
direction by about 90 degrees. The matching resistors 19a and 19b for 
impedance matching are formed halfway along the strip differential 
signal lines 156a and 156b, respectively. The strip differential signal 

20 lines 152a and 152b are connected to the strip differential signal lines 
156a and 156b by wire bonds 157a and 157b, respectively. 

The LD chip carrier 148 includes micro-strip differential lines 
including a ceramic substrate 158, a pair of strip differential signal lines 
159a and 159b formed on an upper surface of the ceramic substrate 

25 158, and the ground conductor layer (not shown) formed on a rear 



surface of the ceramic substrate 158. The LD 20 is mounted on one 
end of one strip differential signal line 159b on the LD chip carrier 148 
so that the anode that is one of the electrodes of the LD 20 directly 
abuts on one end thereof. The cathode that is the other electrode of 
5 the LD 20 is connected to one end of the other strip differential signal 
line 159a by the wire bond 29. The strip differential signal lines 156a 
and 156b are connected to the other ends of the strip differential signal 
lines 159a and 159b by wire bonds 161a and 161b, respectively. The 
ceramic substrate 158 is made of a material having good thermal 

10 conductivity such as aluminum nitride (AIN) or silicon carbide (SiC). 
As the LD 20, a distributed feedback laser diode element capable of 
transmitting a modulated signal at 10 Gb/s, for example, is employed. 

Two wiring patterns 162a and 162b and a pair of inductance 
circuits (parallel circuits each including the inductance element and the 

15 resistor) are formed on the bias circuit (ceramic) substrate 149. The 
solenoid 21a and the resistor 22a that prevents a resonance between 
an inter-line capacitance of the solenoid 21a and the inductance are 
arranged to be electrically connected to each other in parallel on the 
one wiring pattern 162a. The solenoids 21a and 21b are arranged to 

20 be away from each other so that (extension lines of) central axes of the 
solenoids 21a and 21b cross each other, preferably are orthogonal to 
each other to prevent the solenoids 21a and 21b from interfering with 
each other magnetic field. One end portion of the wiring pattern 162a 
and that of the wiring pattern 162b are connected to the strip line 

25 differential signal lines 159a and 159b through wire bonds 23a and 23b, 
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respectively. The other end portion of the wiring pattern 162a and that 
of the wiring pattern 162b are connected to the bias feed pins 144a and 
144b provided on the stem 110 through wire bonds 163a and 163b, 
respectively. 

5 The characteristic configuration of each section in the can 

package 101 will be explained in more detail. The configuration of the 
stem 110 will first be explained. 

As shown in Fig. 16, the differential high frequency signals 
output from the differential transistors 12 and 13 in the LD driving circuit 

10 1 are input to the can package 101 through a grounded coplanar 

differential line 170 provided on a substrate arranged outside of the can 
package 101. The grounded coplanar differential line 170 includes a 
pair of differential signal lines 171a and 171b formed on a substrate, 
grounds 172a and 172b arranged outside of the differential signal lines 

15 171a and 171b to put the paired differential signal lines 171a and 171b 
therebetween, and the ground conductor layer (not shown) arranged on 
a rear surface of the line 170 and connected to the grounds 172a and 
172b. The differential signal lines 171a and 171b are connected to 
output terminals 160a and 160b provided on the upper surface of the 

20 LD driving circuit 1. The output terminal 160a is electrically connected 
to the collector of the differential transistor 13 whereas the output 
terminal 160b is electrically connected to the collector of the differential 
transistor 12. 

The differential signal lines 171a and 171b of the grounded 
25 coplanar differential line 170 are connected and fixed to the high 
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frequency signal pins 141a and 141b provided on the stem 110 by 
soldering, respectively. The grounds 172a and 172b of the grounded 
coplanar differential line 170 are connected and fixed to the ground pins 
142a and 142b provided on the stem 110 by soldering, respectively. 
5 Further, since there is a gap between a can package-side end face of 
the grounded coplanar differential line 170 and the stem 110, the 
reflection of the high frequency signals due to the lowering of the 
impedances may be suppressed by filling this gap with a dielectric. 

The stem 110 includes metal such as Kovar (Fe-Ni alloy), soft 

10 iron, or CuW (cupper-tungsten), and an upper layer of the stem 110 is 
normally plated with Ni, gold or the like for soldering. A plurality of 
holes 174, 175, 176a, and 176b are formed to be distributed on the 
stem 110, and dielectrics 177, 178, 179a, and 179b are inserted into the 
respective holes 174, 175, 176a, and 176b. 

15 A pair of pin insertion holes 180a and 180b are formed in the 

dielectric 177, and the high frequency signal pines 141a and 141b are 
inserted into and fixed to the pin insertion holes 180a and 180b, 
respectively. Likewise, holes (reference symbols of which are not 
shown) are formed in the dielectrics 178, 179a, and 179b, and the 

20 monitor signal pin 143 and the bias feed pins 144a and 144b are 

inserted into and fixed to the holes, respectively. The dielectric 177 
into which the paired high frequency signal pines 141a and 141b are 
inserted has an oval form in this example. Accordingly, the hole 174 
into which the dielectric 177 is inserted has an oval form. The other 

25 dielectric 178, 179a, and 179b are circular. It is noted that the ground 
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pins 142a and 142b are fixedly attached to an outer wall surface, not 
shown, of the stem 110 by press-fitting and welding. 

Lengths of portions of the two high frequency signal pins 141a 
and 141b which protrude toward at least one outside of the dielectric 
5 177 (protruding lengths toward the LD 20 side) are set smaller than 
those of the monitor signal pin 143 and the bias feed pins 144a and 
144b in light of high frequency characteristics. By so setting, the 
signal transmitted over the high frequency signal pins 141a and 141b 
can be promptly transferred to the strip differential signal lines 152a 

10 and 152b on the micro-strip differential line substrate 146 when the 

signals are out of the dielectric 177. Since the monitor signal pins 143 
and the bias feed pins 144a and 144b have no strict restrictions for the 
high frequency characteristics, the protruding lengths are secured to 
some extent, thereby facilitating wire bond connection operation and 

15 the like. 

As a material for the dielectrics 177, 178, 179a, and 179b, Kovar 
glass, for example, is preferably used or borosilicate glass may be used. 
As a material for the high frequency signal pins 141a and 141b, the 
monitor signal pin 143, the bias feed pins 144a and 144b, and the 
20 ground pins 142a and 142b, metal such as Kovar or 50-percent Ni-Fe 
alloy is used. 

The grounded coplanar differential line 170, the high frequency 
signal pins 141a and 141b, the ground pins 142a and 142b, the wire 
bonds 157a and 157b, and the micro-strip differential line substrates 
25 146 and 147 constitute the distributed constant circuit 18. 
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In the fifth embodiment, in order to make impedance matching 
from the outputs of the differential transistors 12 and 13 in the LD 
driving circuit 1 to the LD 20, the paths among them are all constituted 
by the differential lines to drive the LD 20. In addition, as for the pins 
5 penetrating the stem 110, by penetrating the paired high frequency 
signal pins 141a and 141b through the oval dielectric 177, they act as 
the differential pins constituting the differential lines. In, for example, 
the single-phase driving type optical semiconductor device, since a high 
current that drives the LD 20 is fed back to the LD driving circuit 

10 through the ground, the ground potential changes. This ground 

potential change often adversely affects the optical reception electronic 
circuit arranged proximate to the device and detecting the feeble 
current. In this embodiment, the optical semiconductor device 
performs the push-pull operation with respect to the LD 20 using the 

15 differential lines. Therefore, the optical semiconductor device in this 
embodiment has advantages in that the high current is carried across 
the differential lines, the ground potential has less change, and 
peripheral circuits are less influenced. 

As can be seen, the pin exposure region on the LD driving 

20 circuit 1-side is constituted to have the differential lines and the ground 
pins 142a and 142b are arranged outside of the region, to thereby set 
the impedance of this section lower than that in the conventional optical 
semiconductor device. Therefore, the difference in impedance 
between this section and the feed-through section is small, as 

25 compared with the conventional art and discontinuity of the electric field 
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is reduced, and the passing characteristics and reflection 
characteristics can be thereby improved. 

The glass is used as the dielectric 177 arranged around the high 
frequency signal pins 141a and 141b. Therefore, in the inner section 
5 of the stem (the feed-through section in which the high frequency signal 
pins 141a and 141b are surrounded by the dielectric 177, hereinafter, 
also referred to as "unexposed region"), if the high frequency signal 
pins 141a and 141b each having a diameter of about 3.5 millimeters to 
6 millimeters at which the pins can be handled easily are provided, and 

10 the holes of arbitrary shapes are formed in the stem 110 having a 

diameter of about 3.5 millimeters to 6 millimeters, then the impedance 
of the inner section tends to be extremely lowered. To increase the 
impedance of this pin unexposed region, a cross-sectional area of the 
dielectric 177 arranged around the high frequency pins (an area of the 

15 oval) may be set large. If so, however, the optical semiconductor 
device cannot satisfy requirements for microfabrication and space 
saving. 

Therefore, the protruding lengths of the two high frequency 
signal pins 141a and 141b toward the LD 20 are set small so that they 

20 can be promptly transferred to the strip differential signal lines 152a 
and 152b on the micro-strip differential line substrate 146 when the 
signals are out of the dielectric 177. In addition, the distance between 
the strip differential signal lines 152a and 152b on the micro-strip 
differential line substrate 146 in the portions which are connected to the 

25 high frequency signal pins 141a and 141b, respectively and which are 



55 

closer to the stem 110 are set larger than the distance therebetween in, 
for example, the portions closer to the micro-strip line substrate 147, or 
set slightly larger than the distance between the high frequency signal 
pins 141a and 141b. By thus setting the distance relatively large, the 
5 electrical coupling in the portions is made low and the portions are set 
to have higher impedances. 

As can be understood, the distance between the lines in the 
differential line portions right after the lines are out of the stem 110 is 
set large to thereby purposely create the high impedance portion. The 

10 impedance is cancelled by this high impedance portion and the low 
impedance portion inside of the stem (in the pin unexposed region), 
whereby impedance matching is made as a whole. In other words, 
since the pin unexposed region (feed-through section) is low in 
impedance, the impedance matching is made in the overall device by 

15 slightly generating a high impedance after the region. 

In addition, the paired stubs 154a and 154b for impedance 
matching are formed halfway along the strip differential signal lines 
152a and 152b, respectively. The impedance is reduced by the paired 
stubs 154a and 154b, thereby preventing occurrence of mismatching 

20 between the strip differential signal lines 152a and 152b and the strip 
differential lines 156a and 156b, respectively. In other words, by using 
the paired stubs 154a and 154b, the reactance components in the 
driver-side pin exposed region and those in the pin unexposed region 
(feed-through section) are compensated for each other, and the passing 

25 characteristics and the reflection characteristics are thereby improved. 
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In this case, the paired stubs 154a and 154b protrude not 
outward but inward (so as to be closer to each other signal line), which, 
therefore, contributes to microfabrication of the micro-strip differential 
line substrate 146. If it is unnecessary to make the micro-strip 
5 differential line substrate 146 small in size, the stubs 154a and 154b 
may protrude outward of the differential lines 152a and 151b. 

In the can package 101, it is necessary to arrange the 
differential line substrates for connecting the high frequency signal pins 
141a and 141b to the LD 20, the bias circuit substrate for supplying the 

10 DC bias currents to the LD 20, and the monitor PD 50. 

If so, the micro-strip differential line substrates 146 and 147 and 
the bias circuit substrate 149 are arranged on the both sides of the LD 
chip carrier 148 to put the LD chip carrier 148 therebetween. In other 
words, while the LD 20 is put at the center, the strip differential signal 

15 lines 152a and 152b on the micro-strip differential line substrate 146 
and the strip differential signal lines 156a and 156b on the micro-strip 
differential line substrate 147, the wiring patterns 162a and 162b 
including a pair of inductance circuits, and the LD 20 are arranged 
generally in a U-shaped fashion. 

20 Furthermore, the micro-strip differential Mne substrates 146 and 

147 are provided at the positions shifted sideways from the LD chip 
carrier 148. Naturally, therefore, the transparent dielectric 177 for 
sealing and fixing the high frequency signal pins 141a and 141b is 
provided at the position shifted sideways from the LD chip carrier 148. 

25 There is a technique for constituting the substrate on which the 



57 



LD 20 is mounted and the differential line substrates for connecting the 
high frequency signal pins 141a and 141b to the LD 20 out of the same 
substrate. With this technique, however, a substrate material, such as 
a aluminum nitride substrate (AIN), expensive per unit area and having 
5 good radiation characteristics needs to be used in a wide area so as to 
radiate the heat from the LD 20 that serves as a heat source. This 
causes a cost hike. 

To avoid such a cost hike, the LD chip carrier 148 on which the 
LD 20 serving as the heat source is mounted is separated from the 

10 other substrates and provided as an independent substrate. Thanks to 
this, it suffices to use the ceramic substrate material, such as the 
aluminum nitride substrate (AIN), which is expensive and which has 
good radiation characteristics only for the LD chip carrier 148 and to 
use the ceramic substrate material, such as inexpensive Al 2 0 3 for the 

15 other substrates (the micro-strip differential line substrates 146 and 147, 
and the bias circuit substrate 149). Thus, cost reduction can be 
realized. 

Moreover, according to this embodiment, the micro-strip 
differential line substrate 146 for impedance matching and the 
20 micro-strip differential line substrate 147 for arranging the matching 

resistors 19a and 19b are provided as separate substrates. Therefore, 
it is possible to cut out the ceramic substrates economically, thereby 
contributing to cost reduction. 

Additionally, the parallel circuit connected to the bias feed pins 
25 144a and 144b and including the solenoid 21a and the resistor 22a and 
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the parallel circuit including the solenoid 21b and the resistor 22b are 
arranged on the bias circuit substrate 149, thereby reducing the area of 
the bias circuit substrate. This can, therefore, contribute to cost 
reduction and microfabrication. 
5 A thickness of the dielectric 177 is set smaller than a depth of 

the hole 174 formed in the stem 110, i.e., a width of the stem 110, and a 
hole 195 having an LD-side opening portion formed conically is formed 
in the stem 110. 

In this embodiment, the grounded coplanar differential line may 
10 be employed in place of the micro-strip differential line substrates 146 
and 147. As already explained, the grounded coplanar differential line 
includes the paired differential signal line formed on the substrate, the 
grounds arranged outside of the differential signal lines so as to put the 
paired differential signal lines therebetween, and the ground conductor 
15 layer arranged on the rear surface of the substrate. 

SIXTH EMBODIMENT 

The optical semiconductor element module in the sixth 
embodiment of the present invention will be explained with reference to 
20 Fig. 17. Fig. 17(a) is a top view of the optical semiconductor element 
module in a state in which an upper cap 401 is detached, and Fig. 17(b) 
is a cross-sectional view taken along II of Fig. 17(a) (note, however, 
that Fig. 17(b) is in a state in which the upper cap 401 is attached). 
In this sixth embodiment, the LD 20 mounted on the can 
25 package 101 explained in the previous embodiment, various constituent 
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elements including a substrate 501 on which the LD 20 is mounted, and 
the LD driving circuit 1 are contained in a box-like (butterfly-like) optical 
semiconductor package 402. 

As shown in Fig. 17, in this optical semiconductor package 402, 
5 the positive-phase and antiphase differential signals are input to the 
input buffer 11 of the LD driving circuit 1 as already explained. To 
input the differential signals to the LD driving circuit 1 in the optical 
semiconductor package 402, the dielectric 177 (feed-through) is fitted 
into a sidewall of the optical semiconductor package 40, and the 

10 differential signals are transmitted through differential lines 178a and 
178b provided on the dielectric 177 while keeping an interior and an 
exterior of the package airtight. 

One end of the differential line 178a and that of the differential 
line 178b are soldered to the high frequency signal pins 141a and 141b, 

15 respectively, outside of the optical semiconductor package 402. The 
high frequency signal pins 141a and 141b are arranged proximate to 
each other until positions at which the pins 141a and 141b are put 
between the ground pins 142a and 142b connected to the ground, and 
constitute the differential lines. 

20 The other ends of the differential lines 178a and 178b are 

connected to one ends of differential strip lines 411 provided on a 
substrate 502, respectively. The other ends of the differential strip 
lines 411 are connected to one ends of differential strip lines provided 
on a substrate 503. The other ends of the differential strip lines 

25 provided on the substrate 503 are connected to differential signal input 
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terminals of the LD driving circuit 1 through wire bonds, respectively, 
and electrically connected to the input buffer 11 in the LD driving circuit 
1. 

The output terminals of the LD driving circuit 1 electrically 
5 connected to the differential transistors 12 and 13, are connected to 
one ends of the differential lines provided on a substrate 504 through 
wire bonds, respectively. The other ends of the differential lines 
provided on the substrate 504 are connected to one ends of differential 
lines provided on the substrate 501 through wire bonds, respectively. 

10 The anode of the LD 20 is soldered to the other end side of one of the 
differential lines on the substrate 501 as shown in Fig. 5. The other 
end side of the other differential line on the substrate 501 is connected 
to the cathode of the LD 20 through the wire bond as shown in Fig. 5. 
The matching resistors 19a and 19b are provided on the one end side 

15 of the substrate 501. As shown in Fig. 5, the bias circuit 28a in which 
the solenoid 21a and the resistor 22a are connected in parallel and the 
bias circuit 28b in which the solenoid 21b and the resistor 22b are 
connected in parallel are provided on the substrate 505. The bias 
circuits 28a and 28b are connected to the differential lines on the 

20 substrate 501, respectively. Further, the bias circuits 28a and 28b are 
connected to conductor lines on a ceramic substrate 450 through wire 
. bonds, respectively. 

The bias circuits 28a and 28b are connected to respective 
conductor leads 451 through wire bonds and the ceramic substrate 450 

25 (feed-through). The ceramic substrate 450 is fitted into the sidewall of 
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the package, and transmits the bias currents and control signals for the 
LD driving circuit 1 inside and outside of the optical semiconductor 
package 402 while keeping airtight. 

The LD driving circuit 1, and the substrates 501, 503, 504, and 
5 505 are mounted on a metallic conductor mount 510. A lens 520 which 
includes a lens and a holder that holds the lens is coupled to a side 
surface of the metallic conductor mount 510. The lens 520 is arranged 
to condense a light on the optical fiber 120 through the other optical 
components. Further, the upper cap 401 is welded to an upper surface 

10 of the optical semiconductor package 402, and a window glass 600 is 
coupled to a light pass-through hole in a front sidewall of the optical 
semiconductor package 402, thereby securing airtightness. The 
optical fiber 120 is held by an optical fiber holding section 403. 

In this sixth embodiment, the differential signals are input to the 

15 LD driving circuit 1 using the high frequency signal pins 141a and 141b 
constituting the differential lines, the differential strip lines 411, and the 
other differential lines. Therefore, similarly to the preceding 
embodiments, it is possible to suppress the deterioration of the high 
frequency characteristics and improve airtightness. 

20 As explained so far, in the optical semiconductor device 

according to the present invention, the optical semiconductor element 
to which the differential lines are connected is driven by the push-pull 
operation. Therefore, the optical semiconductor device has 
advantages in that the asymmetry of the waveform can be improved, 

25 the quality of the optical output waveform can be improved, and that the 
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good transmission characteristics can be thereby obtained. 

Moreover, in the optical semiconductor device according to the 
present invention, the bias circuits are arranged on the both electrode 
sides of the optical semiconductor element to which the differential lines 
5 are connected, respectively. Therefore, the optical semiconductor 
device has advantages in that the ripple of the passing characteristics 
following the bias circuits can be improved, the quality of the optical 
output waveform can be improved, and that the good transmission 
characteristics can be thereby obtained. 

10 

INDUSTRIAL APPLICABILITY 

As explained so far, the present invention, as the optical 
semiconductor element having good transmission characteristics or as 
the optical semiconductor device that includes the optical 
15 semiconductor element, is suited to high speed optical communications. 



